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This is a case of 62-year-old patient presenting with tingling and numbness extending from the buttocks area
towards the lower extremities and gait instability. Contrast Magnetic Resonance Imaging (MRI) and timeresolved imaging of contrast kinetics Magnetic Resonance Imaging (TRICKS MRI) raised suspicion for a
possible dural arteriovenous fistula. Diagnostic Digital Subtraction Angiography (DSA) showed a filum terminale
arterio venous fistula (AVF) fed by the left T9 from the anterior spinal artery of Adamkiewicz all the way down to
the fistulous point at L5-S1. The patient underwent successful laminectomy of L5-S1 and clipping of the filum
terminale arteriovenous fistula.

1. Introduction

going all the way caudally to the fistulous point at L5-S1.

Vascular lesions of the spine are divided into arteriovenous fistulae
and arteriovenous malformations and account for 1–2% of all vascular
malformations of the central nervous system [1,2]. The majority of these
lesions are spinal dural arteriovenous fistulae (sDAVF) and are mostly
located between T6 and L2 [2]. Filum terminale arteriovenous fistulae
(FTAVF) are a rare type of sDAVF characterized by an abnormal single
connection between the anterior spinal artery and its distal portion(the
artery of the filum terminale), with a draining vein [3]. The arteriali
zation of the vein causes venous congestion and this increased venous
pressure may cause decreased tissue perfusion, vascular steal, ischemia
or hemorrhage [4]. Symptoms are usually related to progressive
myelopathy but because of the vague presentation, the average patient
will present with symptoms 1–3 years prior to diagnosis [5]. The main
presenting symptom is motor weakness which is seen in 80% of cases
followed by sensory loss, back pain, bladder and bowel disturbances and
sexual dysfunction [3]. Digital Subtraction Angiography is the gold
standard for accurate diagnosis [6]. In this case report, we present a rare
case of a FTAVF fed by the artery of Adamkiewicz originating at T9 and

2. Case report
2.1. Clinical presentation
This is a case of a 62-year-old patient, presenting with tingling and
numbness extending from the buttocks area towards the lower extrem
ities and gait instability. A non-contrast spinal Magnetic Resonance
Imaging (MRI) was performed and showed a hemorrhage in the spinal
cord (T8-T9) with flow voids raising concern for a spinal dural arterio
venous fistula (sDAVF). (Fig. 1).
2.2. Physical exam
Upon admission, the patient’s neurological exam showed muscle
strength at 4/5 in the bilateral psoas and quadriceps muscles and
otherwise 5/5 in all four extremities. Sensation was intact to fine touch
and pinprick in all extremities and equal bilaterally. Reflexes were 2 +
overall and the rectal tone was normal.
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Fig. 1. Sagittal T2 Weighted MRI showing a spinal cord hemorrhage (T8-T9) and flow voids. (Yellow arrow). (For interpretation of the references to colour in this
figure legend, the reader is referred to the web version of this article.)
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Fig. 2. TRICKS MRI showing a filum terminale AVF fed by the left T9 from the anterior spinal artery of Adamkiewicz all the way down to the fistulous point at L5-S1.
(Yellow Arrows). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

conus medullaris at the level of L1-L2 to the end of the dural tube at the
level of S2 [3]. The filum terminale vascular supply is provided mainly
by the filum terminale artery, a caudal extension of the anterior spinal
artery running anteriorly, in addition to the lateral and middle sacral
arteries and drains in the vein of the filum terminale running posteriorly
[7,8]. Initially described by Djindjian et al. in 1977, FTAVF’s are very
rare lesions and comprise 3% of all spinal AVF’s [8,9]. Increased blood
flow through the fistulous point causes increased venous pressure
resulting in congestive myelopathy or conus medullaris syndrome [3].
Because of the unspecific symptoms and the similar pathophysiology of
FTAVF’s to other vascular lesions, these entities are usually mis
diagnosed [10]. On MRI, FTAVF’s are associated with high T2 signals
extending from the conus up to the spinal cord [3,10]. DSA is the gold
standard diagnostic modality as it provides the most accurate descrip
tion of the lesion, identifies all the feeding arteries, and reveals any
associated spinal vascular malformations [6]. On DSA, FTAVF’s present
as single hole fistulas below the conus and the fistulous point can be
identified at the point of transition from a small artery to the large
congested vein [3].
80% of FTAVF’s are located between L3 and L5 and are supplied by a
single feeder, the filum terminale artery [7]. Going back in the litera
ture, Giordan et el were able to identify 39 cases of FTAVF’s in a 40-year
literature review [3]. This does not only highlight the rarity of such
lesions, but interestingly, also shows that FTAVF’s with a wide distance
between the feeder and fistula are even rarer [3,8,11-13]. In our case
report, the distance between the feeder (T9) and the fistula (L5/S1) was
9 vertebral levels [14].
The primary goal of treating FTAVF’s is the complete obliteration of
the fistula, while maintaining the patency of the spinal circulation.
Treatment can be achieved via open surgery or endovascular approaches
safely and effectively [15]. Several factors, some related to the fistula
and others related to the patients, play a major role in deciding the

2.3. Diagnosis and imaging
The patient underwent a Time-Resolved Imaging of Contrast Kinetics
Magnetic Resonance Imaging (TRICKS MRI) which showed a prominent
left radiculomedullary branch at T10 emanating from a branch of the
aorta at T11 extending through the T10-T11 neural foramen and sup
plying both the sDAVF and the artery of Adamkiewicz. (Fig. 2) The
findings of the TRICKS MRI necessitated a diagnostic digital subtraction
angiography (DSA) which showed a filum terminale AVF fed by the left
T9 from the anterior spinal artery of Adamkiewicz all the way down to
the fistulous point at L5-S1, with a single draining vein filling caudal/
rostral going side to side with the artery of the filum. (Fig. 3, Fig. 4).
2.4. Procedure and hospital course
Weighing the risk of super selectively catheterizing the artery of
Adamkiewicz, with the risk of dissection/occlusion or retrograde
thrombosis, the decision was made to perform a laminectomy and
clipping of the fistula. The patients underwent an L5-S1 laminectomy
with intradural ligation of the sDAVF using a straight 7 mm Lazik clip.
Neurophysiological monitoring did not show any changes after clipping
and imaging with Indocyanine green showed disconnection of the fistula
and absence of an early draining vein. (Video 1) During the postoperative period, the patient did not experience any complications,
was able to ambulate and his symptoms improved. A follow-up DSA
showed 100% occlusion of the sDAVF and patency of the artery of
Adamkiewicz. (Fig. 5, Fig. 6) The patient was discharged home.
3. Discussion
The filum terminale is a 15 cm long connective tissue filament
composed of collagen fibers and covered by pia matter that connects the

3

K. El Naamani et al.

Interdisciplinary Neurosurgery: Advanced Techniques and Case Management 29 (2022) 101531

Fig. 3. Anterior-Posterior angiography showing the feeder originating from the artery of Adamkiewicz at the level of left T9.

modality of treatment. Generally, surgical techniques have been the
mainstay of treatment throughout the literature and is preferred when
the feeder is far away from the fistula [16]. During the procedure, a
laminectomy and removal of the ligamentum flavum at the level of the
fistula is performed to expose the dura [3].Once the fistula is exposed,
the feeding artery can be easily identified due to its relatively small size
compared to the draining vein. When the aberrant connection is iden
tified, it is clipped to occlude the fistula. All this is done while somato
sensory and motor evoked potentials are monitored to guarantee good
clinical outcomes and avoid spinal cord infarction [7,8,17,18]. Intraoperative Indocyanine green angiography is performed before and
after clipping to make sure the fistula was disconnected [3]. The success

rate of the surgical approach are close to 100% and complications rates
tend to be less than 5% [19,20]. Endovascular embolization has been
performed in 33% of the cases and the success rate is close to 76%
[10,15]. this modality of treatment is preserved for cases where the
feeder is close to the fistula due to the high risk of injuring the anterior
spinal artery in cases of long distance between the feeding artery and
fistula [17].
4. Conclusion
FTAVF’s are rare vascular entities that may have detrimental effects
on the spinal cord. In most cases, diagnosis is late due to the similarity of
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Fig. 4. Anterior-Posterior angiography showing the filum terminale fistula at L5-S1. (Yellow Arrow). (For interpretation of the references to colour in this figure
legend, the reader is referred to the web version of this article.)
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Fig. 5. Post-operative anterior-posterior fluoroscopy showing the clip used to obliterate the FTAVF. (Yellow arrow). (For interpretation of the references to colour in
this figure legend, the reader is referred to the web version of this article.)
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Fig. 6. Post-op anterior-posterior angiography showing obliteration of the FATVF.

clinical symptoms and radiological characteristics of FTAVF’s with other
vascular lesions. Once, diagnosed, treatment can be achieved via surgery
or endovascularly depending on several factors. In our case, the large
distance between the feeding artery and the fistulous point and the fact
that the feeder was the artery of Adamkiewicz made the surgical option
the preferred one.

Declaration of Competing Interest
The authors declare the following financial interests/personal re
lationships which may be considered as potential competing interests:
Pascal Jabbour reports a relationship with MicroVention Inc that in
cludes: consulting or advisory. Pascal Jabbour reports a relationship
with Medtronic Inc that includes: consulting or advisory. Pascal Jabbour
reports a relationship with Cerus endovascular that includes: consulting
or advisory. Pascal Jabbour reports a relationship with Balt that in
cludes: consulting or advisory. Stavropoula I Tjoumakaris reports a
relationship with MicroVention Inc that includes: consulting or advi
sory. Stavropoula I Tjoumakaris reports a relationship with Medtronic
Inc that includes: consulting or advisory. Michael R Gooch reports a
relationship with Stryker that includes: consulting or advisory

5. Disclosures
Data sharing statement: The relevant anonymized patient-level data
are available on reasonable request from the authors.
Ethical approval: All procedures performed in the studies involving
human participants were per the Institutional Review Board (IRB)
ethical standards and national research committee and the 1964 Hel
sinki Declaration and its later amendments or comparable ethical
standards.
Informed consent: The study protocol was reviewed and approved by
the University Institutional Review Board. Following our institutional
guidelines, all protected health information was removed, and individ
ual patient consent was not required in the analysis of the case report.

Appendix A. Supplementary data
Supplementary data to this article can be found online at https://doi.
org/10.1016/j.inat.2022.101531.
References

Funding statement

[1] S. Fox, L. Hnenny, U. Ahmed, K. Meguro, M.E. Kelly, Spinal dural arteriovenous
fistula: a case series and review of imaging findings, Spinal Cord Ser Cases. 3
(2017) 17024.

This research received no grant from any funding agency in public,
commercial, or not-for-profit sectors.
7

K. El Naamani et al.

Interdisciplinary Neurosurgery: Advanced Techniques and Case Management 29 (2022) 101531
[12] C.D. Witiw, A. Fallah, I. Radovanovic, M.C. Wallace, Sacral intradural
arteriovenous fistula treated indirectly by transection of the filum terminale:
technical case report, Neurosurgery. 69 (3) (2011) E780–E784, discussion E784.
[13] H. Saito, K. Hida, T. Asano, et al., Conus perimedullary arteriovenous fistula with
multiple shunt points including the cauda equina: a case report, No Shinkei Geka.
39 (4) (2011) 375–380.
[14] D. Wajima, I. Nakagawa, H.-S. Park, T. Haku, T. Wada, K. Kichikawa, H. Nakase,
A case of filum terminale arterial venous fistula needed a long arterial access for
trans-arterial shunt obliteration, Interv Neuroradiol. 23 (2) (2017) 221–227.
[15] H.-J. Meisel, P. Lasjaunias, M. Brock, Modern management of spinal and spinal
cord vascular lesions, Minim Invasive Neurosurg. 38 (04) (1995) 138–145.
[16] Takami T, Yamagata T, Mitsuhashi Y, Hayasaki K, Ohata K. Direct surgery for
spinal arteriovenous fistulas of the filum terminale with intraoperative image
guidance. Spine (Phila Pa 1976). 2012;37(24):E1524-1528.
[17] S. Macht, R. Chapot, F. Bieniek, D. Hänggi, B. Turowski, Unique sacral location of
an arteriovenous fistula of the filum terminale associated with diastematomyelia
and lowered spinal cords, Neuroradiology. 54 (5) (2012) 517–519.
[18] M. Djindjian, P. Ayache, P. Brugieres, J. Poirier, Sacral lipoma of the filum
terminale with dural arteriovenous fistula, Case report. J Neurosurg. 71 (5 Pt 1)
(1989) 768–771.
[19] M. Djindjian, A. Ribeiro, E. Ortega, A. Gaston, J. Poirier, The normal
vascularization of the intradural filum terminale in manLa vascularisation normale
du filum terminale intradural chez l’homme, Surg Radiol Anat. 10 (3) (1988)
201–209.
[20] V.T Trinh, E.A. Duckworth, Surgical excision of filum terminale arteriovenous
fistulae after lumbar fusion: Value of indocyanine green and theory on origins (a
technical note and report of two cases), Surg Neurol Int. 2 (1) (2011) 63, https://
doi.org/10.4103/2152-7806.81065.

[2] S. Rashad, M. Abdel-Bary, W. Aziz, T. Hassan, Management of spinal dural arteriovenous fistulas. Report of 12 cases and review of literature, Clin Neurol Neurosurg.
125 (2014) 81–86.
[3] E. Giordan, W. Brinjikji, E. Ciceri, G. Lanzino, Arteriovenous fistulae of the filum
terminale, J Neurointerv Surg. 10 (2) (2018) 191–197.
[4] R.F. Spetzler, P.W. Detwiler, H.A. Riina, R.W. Porter, Modified classification of
spinal cord vascular lesions, J Neurosurg. 96 (2 Suppl) (2002) 145–156.
[5] J.J. Gemmete, N. Chaudhary, A.E. Elias, A.K. Toma, A.S. Pandey, R.A. Parker,
I. Davagnanam, C.O. Maher, S. Brew, F. Robertson, Spinal dural arteriovenous
fistulas: clinical experience with endovascular treatment as a primary therapy at 2
academic referral centers, AJNR Am J Neuroradiol. 34 (10) (2013) 1974–1979.
[6] S. Fischer, M. Aguilar Perez, H. Bassiouni, N. Hopf, H. Bäzner, H. Henkes,
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